Abstract. A multiplex polymerase chain reaction (PCR) method coupled with a restriction analysis of PCR products (PCR with restriction fragment length polymorphism) was developed for the simultaneous detection of bovine herpesvirus 1, bovine herpesvirus 2, and bovine herpesvirus 4 infections. The specificity, sensitivity, and practical diagnostic applicability of this method were evaluated. This assay may be also adapted to the diagnosis of suid herpesvirus 1 and equine herpesviruses 1 and 3 and could become a powerful diagnostic tool.
The family Herpesviridae is divided into 3 subfamilies known as alpha, beta, and gamma on the basis of the genome organization. The recognized bovine herpesviruses are assigned to two subfamilies: 14 bovine herpesvirus 1 (BHV1), bovine herpesvirus 2 (BHV2), and bovine herpesvirus 5 (BHV5) to the alpha-Herpesvirinae and bovine herpesvirus 4 (BHV4) and alcelaphine herpesvirus 1 to the gamma-Herpesvirinae.
Herpesviruses are agents of a wide range of disease syndromes in cattle and are the object of control and eradication plans worldwide, because infections are associated with serious economic losses. A definitive diagnosis of herpesvirus infections in cattle is difficult on the basis of the clinical signs alone; in particular, BHV4 infections are often associated with nonspecific signs such as a febrile response, occasional mild respiratory distress, and a postpartum metritis. 5, 9, 19 In BHV1 infections, although typical clinical signs may be recognized in overt outbreaks of disease, no pathognomonic signs are observed and a variety of atypical manifestations have also been described. BHV2 infections can be difficult to diagnose especially when secondary bacterial infections alter the appearance of the lesions. In areas where the disease rarely occurs, it may be confused with other viral infections of the bovine teat. 18 Related herpesviruses such as BHV1 and BHV5 may cross-react in neutralization assays and induce similar cytopathic effects when isolated in cell culture. 12 Although BHV4 is not widely considered a major pathogen of the cattle industry, the ability to differentiate between BHV1 and BHV4 is important because of the difference in the relevance of these 2 viruses. For development of adequate control measure in relation to the international cattle trade, it is important to be able to determine whether a disease outbreak is caused by BHV1 or BHV4. Several molecular diagnostic assays based on the polymerase chain reaction (PCR) have been described, 1, 2, 4, 16, 17, 20, 22 but in most cases these assays are employed to detect a specific herpesvirus 2, 4, 10, 20, 22 or a group of related herpesviruses. 1, 16, 17 A multiplex PCR method coupled with endonuclease digestion for restriction fragment length polymorphism (PCR-RFLP) analysis of the amplicons is described here. This method allows the detection and identification of the most prevalent bovine alpha-and gammaherpesviruses. The target gene of the proposed PCR encodes the DNA polymerase (UL30), a structural and essential gene known to be highly conserved among herpesviruses. 3, 7, 10, 11 The virus strains and isolates used in the study are listed in Table 1 . All viruses were grown following standard procedures. 21 The clinical isolates were obtained from approximately 1 g of bovine tissues (lung, trachea, liver) that was finely minced, homogenized, and suspended (1:10 w/v ratio) in minimal essential Eagle medium (MEM) supplemented with antibiotics (5,000 U/ml penicillin, 2,500 UI/ml streptomycin, 0.05 mg/ml fungizone). After centrifugation (2,700 ϫ g at 4 C for 30 minutes), the supernatants were filtered through 0.45-m filters and inoculated onto bovine embryonic lung (BEL) cells. Viruses were identified by immunoperoxidase staining. 6, 13, 15, 21 Infected cells were fixed with acetone and incubated 30 minutes at 37 C with a monoclonal antibody-peroxidase conjugate a that had been raised to M-51 Movar b (BHV4) or KK/73 b (BHV1) strains. After washing in phosphate-buffered saline, the cells were observed with a light microscope.
Total DNA was extracted from about 25 mg of bovine tissue and from 200 l of serial 10-fold dilutions (0.5 ϫ 10 6 -0.0005 TCID 50 /ml) of BEL cells infected by the reference strains KK/73 (BHV1), M-51 Movar (BHV4), and 69/ 1LO c (BHV2) following the tissue protocol described in the QIAamp Mini Kit instructions. d On the basis of sequences of the DNA polymerase gene (UL30) of BHV1, BHV2, and BHV4 available in GenBank (accession nos. Z78205, AF181249, and AF031811, respectively), 2 forward primers and a degenerated reverse primer were designed. Two forward primers were used instead of 1 degenerated primer because further degeneration could result in the reduction in sensitivity of the assay. The putative PCR products consisted of 280 base pairs (bp) from BHV4 and 278 bp from BHV1 and BHV2.
The amplification reactions were performed in a total volume of 50 l containing 0.25 mM each dNTP, 0.5 mM each forward primer (5Ј-CCGTACACCGAGTTGCA-3Ј specific for BHV1; 5Ј-CCGTACACAGAATTGCA-3Ј specific for BHV2 and BHV4), 1 M degenerated lower primer (5Ј-CAGGC(C/G)CACAACCTGTG-3Ј), 2 mM MgCl 2 , 10% dimethyl sulfoxide, 1ϫ AmpliTaq Gold reaction buffer, and 1.5 U AmpliTaq Gold polymerase. e After the addition of the , lanes 15-20) . Lanes 1 and 8 ϭ molecular weight marker, 100-bp ladder g . The viral concentrations added to the PCR were as follows; 500 TCID 50 /ml (lanes 2, 9, 15), 50 TCID 50 /ml (lanes 3, 10, 16), 5 TCID 50 /ml (lanes 4, 11, 17), 0, 5 TCID 50 /ml (lanes 5, 12, 18 ), 0.05 TCID 50 /ml (lanes 6, 13, 19), and 0.005 TCID 50 /ml (lanes 7, 14, 20).
DNA template (5 l of tissue or cell extracts using QIAamp Mini Kit), the amplifications were performed in a PTC-100 thermal cycler f following a program consisting of 1 cycle at 94 C for 10 minutes and then 35 cycles of 30 seconds at 94 C, 30 seconds at 50 C and 45 seconds at 72 C. To reduce the risk of false positive reactions from amplification product carryover, the laboratory is physically divided into pre-PCR and post-PCR rooms, with equipment reserved for each purpose. All materials and personnel flowed one way, from pre-PCR to post-PCR areas.
Ten microliters of amplification products were digested with the restriction enzyme DdeI, g and the resulting restriction fragments were resolved on a 3% agarose gel stained with ethidium bromide. Based on the sequence analyses of the fragments amplified by the selected primers, the following banding patterns after DdeI digestion were expected from each virus: BHV1, 145 bp and 133 bp; BHV2, 142 bp, 124 bp, and 12 bp; BHV4, 190 bp and 90 bp. Experimental DdeI digestion of the PCR products produced the expected patterns, with identification of the viral species (Fig. 1) . The reliability of the method for the identification of the 3 viruses was tested on reference strains and on 20 clinical isolates (Table 1) previously analyzed by immunoperoxidase staining. Results obtained with PCR-RFLP and immunoperoxidase staining were in agreement.
At the time of this work, no clinical samples of tissue infected with BHV2 were available; however, 2 reference strains (69/1LO and New York 1) were tested. Moreover, the assay was tested on canine herpesvirus 1 (CHV1), psittacine herpesvirus 2 (PHV2), feline herpesvirus 1 (FHV1), equine herpesviruses 1 and 3 (EHV1 and EHV3), and suid herpesvirus 1 (PRV) clinical isolates. No products were obtained using CHV1, PHV2, and FHV1 as starting templates (data not shown), but a specific amplification product was obtained from EHV1, EHV3, and PRV. However, when the products were digested with DdeI, the restriction patterns allowed differentiation among EHV1, EHV3, PRV, and the bovine herpesviruses (Fig.1) .
Twelve bovine clinical samples previously diagnosed as negative for herpesvirus infection were tested by PCR, confirming the diagnosis. To exclude the possibility that the negative PCR results on these 12 samples were due to poor quality of the extracted DNA, the amplification of sex-specific polymorphic fragments of the amelogenin gene was performed using primers and reaction conditions previously described. 8 The specific male or female PCR products were obtained from all the samples (data not shown).
A series of dilution experiments was performed to establish the sensitivity of the PCR assay. Aliquots of BEL cells infected with known titers of KK/73 (BHV1), 69/1LO, (BHV4), and M-81 b (BHV4) were 10-fold diluted in MEM. The DNA was extracted from 200 l of each dilution, and 5 l of the extract was tested by PCR. The PCR was able to detect a concentration of 0.5 TCID 50 /ml of BHV4 and of 0.05 TCID 50 /ml of BHV1 and BHV2 (Fig. 2) .
Several PCR protocols for the detection of bovine herpesviruses have been successfully developed. However, for diagnostic purposes, a method aimed at the detection of the most prevalent bovine herpesviruses in a single step would be convenient. A PCR assay based on 2 regions of the UL30 gene that are conserved among bovine alpha-and gammaherpesviruses allows the simultaneous detection of BHV1, BHV2, and BHV4 infections. Moreover, as a preliminary investigation, the method could be also applied to the diagnosis of PRV, EHV1, and EHV3 infections. The results show that the PCR-RFLP of the 278-bp fragment from BHV1 and BHV2 and the 280-bp fragment from BHV4 of the DNA polymerase gene (UL30) allows the detection and identification of the 3 bovine herpesvirus species directly from clinical samples, thus providing a convenient diagnostic tool. 
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